Role and regulation of 90 kDa ribosomal S6 kinase (RSK) in signal transduction.
Extracellular signals activate mitogen-activated protein kinase (MAPK) cascades to execute complex cellular programs, like proliferation, differentiation and apoptosis. In mammalian cells, three MAPK families have been characterized: extracellular signal-regulated kinase (ERK), which is activated by growth factors, peptide hormones and neurotransmitters, and Jun kinase (JNK) and p38 MAPK, which are activated by cellular stress stimulus as well as growth factors. This review describes the family of 90 kDa ribosomal S6 kinases (RSK; also known as p90rsk or MAPK-activated protein kinase-1, MAPKAP-K1), which were among the first substrates of ERK to be discovered and which has proven to be a ubiquitous and versatile mediator of ERK signal transduction. RSK is composed of two functional kinase domains that are activated in a sequential manner by a series of phosphorylations. Recently, a family of RSK-related kinases that are activated by ERK as well as p38 MAPK were discovered and named mitogen- and stress-activated protein kinases (MSK). A number of cellular functions of RSK have been proposed. (1) Regulation of gene expression via association and phosphorylation of transcriptional regulators including c-Fos, estrogen receptor, NFkappaB/IkappaB alpha, cAMP-response element-binding protein (CREB) and CREB-binding protein; (2) RSK is implicated in cell cycle regulation in Xenopus laevis oocytes by inactivation of the Myt1 protein kinase leading to activation of the cyclin-dependent kinase p34cdc2; (3) RSK may regulate protein synthesis by phosphorylation of polyribosomal proteins and glycogen synthase kinase-3; and (4) RSK phosphorylates the Ras GTP/GDP-exchange factor, Sos leading to feedback inhibition of the Ras-ERK pathway.